SPC 8- 4030

UNIVERSITE LIBRE DE BRUXELLES
OPTIQUE NONLINEAIRE THEORIQUE
Campue Plaine, Boulevard du Triomphe, C.P. 231,

1050 Bruxelles Tel: +32 2 650-5819
FAX: +32 2 650-5824

TELEFAX

Date: January 19 1999
Nb of pages (including front page):7
From: Thomas Ermeux
To:
Dr. C. Martin Stickley
Chief, Lasers, Optics, and Materials

USAF European Office of Aerospace R&D
223/231 Old Marylebone Rd., London NW1 5TH, UK

FAX: 00-44-171-514-4960
MESSAGE

6&; Contract F61775-98-WEO49

Dear Dr. Stickley,
Please find enclosed the final report.

Sincerely,
e

/

Thomas Ermneux

PTIC QUALITY INGPECTED 1

¢ §060666)

AGFT9-06-/07¢




REPORT DOCUMENTATION PAGE

Form Approved OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503.

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE

19 January 1999

3. REPORT TYPE AND DATES COVERED

Final Report

4. TITLE AND SUBTITLE

Semiconductor Laser Instabilities

5. FUNDING NUMBERS

F617089

6. AUTHOR(S)

Professor Thomas Emeux

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

Universite Libre de Bruxelles; Optique Nonlineaire Theorique
Campus Plaine, Boulevard du Triomphe, C. P. 231

Bruxelles 1050

Belgium

8. PERFORMING ORGANIZATION
REPORT NUMBER

N/A

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)

EOARD
PSC 802 BOX 14
FPO 09499-0200

10. SPONSORING/MONITORING
AGENCY REPORT NUMBER

SPC 98-4030

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release; distribution is unlimited.

12b. DISTRIBUTION CODE

A

13. ABSTRACT (Maximum 200 words)

This report results from a contract tasking Ujiversite Libre de Bruxelles; Optique Nonlineaire Theorique as follows: The contractor will
investigate predictions of the semiconductor laser equations for large values of the detuning parameter in an effort to understand instabilities
in the laser's output intensity that have been observed by AFRL scientists.

14. SUBJECT TERMS

EOARD, semiconductor lasers, Diode lasers

15. NUMBER OF PAGES

6

16. PRICE CODE
N/A

17. SECURITY CLASSIFICATION
OF REPORT

UNCLASSIFIED

18. SECURITY CLASSIFICATION
OF THIS PAGE

UNCLASSIFIED

19, SECURITY CLASSIFICATION
OF ABSTRACT

UNCLASSIFIED

20. LIMITATION OF ABSTRACT

UL

NSN 7540-01-280-5500

Standard Form 298 (Rev. 2-89)
Prescribed by ANSI Std. 239-18
298-102




Final Report for the contract F61775-98-WEQ49
entitled ”Semiconductor laser instabilities”
by Thomas Erneux

Semiconductor lasers (SLs) have a wide range of applicstions but a weak
optical feedback iz enough to destabilize its normal output. These instabili-
ties are generating higher intensity or frequency noise which are undesirable
for certain applications. In close collaboration with the Nonlinear Optics
group at Kirtland AFB, Dr. Erneux has proposed to apply new asymp-
totic techniques for solving the laser equations. These techniques allow us to
determine analytical expressions for all bifurcation points.

The simplest problem that models the interactions between a SL and the
vutside world is the laser subject to optical injection. It is formulsted by
three equations for the amplitude of the electrical fleld, |E| = 1 + a, the
phase difference between master and slave electrical fields, 1, and the carrier
density above threshold, Z

22 = 201+ @) +ncos(y), xe

Y -5z - ——sin(y), (@)

Tﬁd—Z = -7 (1 +2P(1 + a)z) - P(2a + a?). (3)
ds

In these equations, time is s = t/7, where 7, is the photon lifetime. I denotes
the detuning between the frequency of the master laser and the free-running
slave laser. P is the punping current above threshold. 97 > Q is the injection
rate. T = 7,/7, is defined as the ratio of the carrier and photon lifetimes.
b is the linewidth enhancement factor b. Typical values of P, Q,n, T and b
are P~ 01-1, 0~ 001,75 ~0.01, T ~ 10% and b ~ 4 — 6. The small
value of 77 implies that the amplitude of the electrical field is close to its value
at 7 = 0 (i.e., |E] = 1) and motivates the decomposition |E| = 1+ o. The
basic time of the laser oscillations is the laser relaxation oscillations frequency
w = /2P/T.

Recent experiments have suggested that there exists a domain of bistabil-
ity at large negative values of the detuning. This bistability corresponds to




the eoexistence of stable pulsating intensity regimes and stable steady states.
The main objective of our analysis was to understand analytically the mecha-
nism leading to this coexistence. To this end, we have considered the limit of
large detunings (specifically, the limit |A| = |Q/w| = O(}), A = n/w = O(b)
as b — oo of Egs. (1)-(3)).

At a fixed negative A and changing A from zero, we find that this domain
of bistability is bounded below by a steady state limit point and above by
a bifurcation point to quasiperiodic oscillations located at A = Agp defined

by {1]
Bgr = —%Aa (A <), 4)

where { = 75(1 + 2P) << 1 is defined as the damping rate of the laser
relaxation oscillations. Agp is a bifurcation point from the multi-wave mixing
regime to quasiperiodic oscillations. In the second part of our activities at
Kirtland, we investigate how Agp(A) behaves as A is progressively increased.
We analyze Egs. (1)-(3) by a new perturbation analysis valid for arbitrary
A = 0(1) but small A. Away from the resonance points A = 0,£1, %2, .., the
basic multi-wave mixing regime (frequency ¢ = |A|) exhibits a bifurcation to
quasiperiodic oscillations (frequencies 0y = |A| and ¢ =~ 1) which is located

at
Age = \/%A(l — 2% (A(L- 4% 20). (5)

Note that (5) is matching the expression (4) for large negative A and thus
(5) is the natural continuation of (4) as |A| becomes O(1). Near the res-
onant point A = 0, £1, +2, ... special analyses are needed because the
quasiperiodic oscillatioons may lock into multi-periodic oscillations. Figure 1
represents the stability diagram of the steady states in the A vs A diagram
(the values of the parameters are P = 0.5, b = 5 and T’ = 1000). The locking
domain corresponds to the domain A > Azp (ALp is defined as the limit
point of the steady states). The steady states are however unstable in the
region bounded by the curve A = Ay (Ay is defined as a stable Hopf bifurca-
tion point). The domain below the two straight lines A = A;p correspond to
the multi-wave mixing regime. Both the multi-wave mixing solution and the
Hopf bifurcation solution lead to pulsating intensity oscillations but are char-
acterized by an unbounded and a bounded phase 9, respectively. A = Agp
corresponds to a bifurcation point from the multi-wave mixing regime to




quasiperiodic oscillations and is defined by (5).

We have considered both a case of negative A and a case of positive
A. According to our analysis, a bifurcation to quasiperiodic oscillations
should be observed for A slightly less than —1 for A not too large. Figure
2 shows the numerical bifurcation diagram of the periodic and quasipeni-
odic solutions exhibiting the bifurcation points App ~ —1.61 (analytical
appraximation: App ~ —1.5) and Agp = —1.24 (analytical approximatian:
Agp = —1.35). The values of the parameters are P = 0.5, b =5, T = 2000
and A = 0.1.

We next examine a case of positive detuning and determine the bifurca-
tion diagram in terms of A for a fixed value of A close to zero. Figure 3 shows
the quasiperiodic bifurcation which appears soon as A increases from zero.
The straight lines represent the maximum and the minimum of the small
amplitude multi-wave mixing regime given by a = =AA /(1 — A?). The val-
ues of the parameters are P = 0.5,b = §,T = 1000 and A = 0.25. Note
that the analytically estimated value for the quasiperiodic bifurcation point,
Agp =~ 0.44, compares well with the numerically estimated value, Agp =
0.42.
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